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Interspecific and intraspecific comparisons of protein coding and noncoding nucleotide sequences have improved our understanding of the function and molecular evolution of numerous genes. In addition to sequence comparisons, for complex developmental genes an interspecific comparison of RNA expression patterns can be informative (Lukowitz et al. 1994) . Preliminary data for such comparisons can be obtained from interspecific RNA in situ hybridization experiments. Using probes from Drosophila melanogaster, we examined the embryonic transcription pattern of the neurogenic gene mastermind (mam) in D. virilis. The analysis indicated that mam transcription is highly conserved in the two species and also revealed an unexpected feature of mam RNA local'ization during very early development.
mam was identified through its role in the formation of the nervous system in the D. melanogaster embryo (Lehmann et al. 1983 ). Subsequent genetic analyses have demonstrated that mam has numerous roles in embryonic and postembryonic development (Ruohola et al. 199 1, Hartenstein et al. 1992 ). Molecular analyses reveal that mam encodes a nuclear protein and that the protein is highly repetitive, displaying numerous amino acid homopolymers.
Nonrepetitive regions of mam show very limited similarity to sequences of known function, but prominent clusters of charged amino acids are evident. Studies of mam expression identified transcripts which accumulate in a spatially and temporally dynamic pattern (Smoller et al. 1990; Bettler, Schmid, and Yedvobnick 199 1; unpublished data The concordance of mam expression strongly suggests that the principal functions of mam are highly conserved in the species. Additionally, these data suggest that the interspecific probe was hybridizing with fidelity to D. virilis transcripts. However, considering the high degree of divergence between these species it is conceivable that some nonspecific hybridization contributes to the observed signal. This can only be addressed utilizing homologous D. virilis probes.
In addition, an examination of the earliest stages of D. virilis embryogenesis revealed an unusual transcript distribution.
In very early cleavage stage embryos maternally supplied mam RNA displays a perinuclear pattern of localization (Fig. lb-e) . These islands of RNA vary in number and size and in double labeling experiments with the chromatin stain DAPI (4',6-Diamidine-2-phenylindole; data not shown) contain a nucleus at their center. In Drosophila after fertilization, the zygotic nuclei divide synchronously without forming individual cells. Multiple rounds of division (cleavage) lead to a syncytium of nuclei distributed throughout the yolk of the embryo. The nuclei then migrate toward the surface of the embryo and somatic cells are formed as membrane furrows surround each nucleus (Campos-Ortega and Hartenstein 1985) . The islands of mam hybridization are most evident during the earliest cleavage stages, growing smaller as the number of nuclei increase. (See fig. 1, panels b-e [b. the zygotic nucleus is undergoing prior to production of an RNA with sequences contained in the probe (Shermoen and O'Farrell 1992) ; the probe utilized here derives from near the 3' end of the gene.
An alternative explanation for this RNA distribution derives from the fact that early nuclei are surrounded by a yolk-free zone of cytoplasm. Cytoplasmic RNAs may be enriched around nuclei simply because of a concentration effect derived from yolk exclusion. It is also possible that transcripts are targeted to nuclei by a more specific mechanism, through interactions with cytoskeleta1 elements. It has been suggested that RNA exhibits an affinity for the cytoskeleton in numerous systems (Jeffrey 1989) , and a poly A RNA-microtubule interaction has been demonstrated in cultured neurons (Bassell, Singer, and Kosik 1994) . Considering the concentration of cytoskeletal elements around nuclei, a general affinity between these molecules could account for perinuclear distribution.
Consistent with this, microtubuledependent perinuclear localizations have been reported for other transcripts in D. melanogaster (Raff, Whitfield, and Glover 1990; Pokrywka and Stephenson 1991) . During early Drosophila development a mechanism that localizes maternal transcripts close to nuclei may be important. This may ensure proper allocation of messenger RNAs within cells at cellularization.
In summary, we have shown that a preliminary interspecific comparison of RNA expression patterns can be performed utilizing heterologous probes for RNA in situ hybridization.
The study revealed very similar patterns of mum expression in D. melunogaster and D. virilis, and identified an unusual perinuclear distribution of mam RNA, providing further evidence that comparisons of this type are valuable for addressing evolutionary and developmental questions.
